ABSTRACT In lighting studies with turkey hens, long ahemeral (AH; non-24 h) light-dark cycles have consistently resulted in greater, although not statistically significant, fertility than control 24 h light-dark cycles. The present study was designed to further evaluate AH lighting effects on fertility by an evaluation of the effectiveness of artificial insemination (AI) under less than optimal conditions for normal fertility, that is, single AI and early age at lighting.
INTRODUCTION
Fertility in turkey breeder hens is controlled by the general use of artificial insemination (AI). The degree of effectiveness of AI and subsequent level of fertility are complex issues affected by many factors, one of which is lighting schedule. Of particular note is ahemeral (AH; non-24 h) light-dark cycles. When AH lighting was applied continuously to turkeys throughout lay, Siopes and Neely (1997) noted a consistent increase in fertility (2.4%) and a decrease in hatchability (3.4%) that was not statistically significant. They used a long AH cycle of 28 h and provided 15 h of light per cycle. A very similar response on fertility without adverse effects on hatchability occurred with certain AH lighting treatments in subsequent experiments (Siopes and Neely, 1999) . In addition, Shanawany (1993) noted in a review that fertility and hatchability were improved by long AH lighting in domestic fowl. The foregoing represents the sparse literature about AH light-dark cycles on fertility in domestic birds.
At present, the evidence using turkey hens is clear that AH lighting at the very least supports normal fertility levels, but the support for improved fertility by AH lighting remains equivocal. Therefore, it was the objective of this study to further evaluate the influence of AH lighting on fertility in turkey hens. This was accomplished by establishing less than optimal conditions for fertility by manipulating the number of AI in order to deliver a restricted number of sperm to hens photostimulated at an early age.
MATERIALS AND METHODS

General
Two experiments were conducted on the same flock of breeder hens to evaluate whether fertility was improved by exposure to AH light-dark cycles. The hens (Nicholas) were obtained as poults from a commercial breeder in May and brooded on-site. To ensure photosensitivity, all birds were light restricted with 8 h of light(L):16 h dark (D) for a minimum of 10 wk immediately prior to photostimulation. Photostimulation occurred at 26 or 30 wk of age in the month of November. Photostimulation was done with standard 24 h light-dark cycles (15L:9D) in the control groups, or long AH light-dark cycles (15L:13D). The lights-on time was 0600 h daily for the 24-h groups and this shifted forward 4 h daily for the 28-h groups. The study was conducted in closed-confinement floor pens with wood-shavings litter. The pens were 2.9 × 4.6 m and had three nest boxes and one feeder and waterer. The building used during the study was not temperature controlled but was insulated, and the rooms were mechanically ventilated. Only light from incandescent lamps was used and the mean intensity level was 54 lx at turkey head height. Feed and fresh water were provided for ad libitum intake throughout the study. During the prelay light restriction period, the feed was formulated to contain 12% CP, 0.85% calcium, and 3,084 kcal of ME/kg of feed. At the onset of photostimulation, and to the end of the experiment, a breeder ration was fed that was formulated to contain 16% CP, 3.05% calcium, and 2,970 kcal of ME/kg of feed.
All hens were subjected to AI during the light phase with pooled semen within 30 min of semen collection. This semen had a spermatocrit range of 22.5 to 23.5% and about 0.03 mL was inseminated per hen to provide about 207 million sperm. The hens used in these experiments were not virgin but had not been inseminated for at least 5 wk. Following a final AI, fertility of turkey hens typically declines to less than 50% by 38 d and is essentially 0% at 57 d (Lorenz, 1950) .
Eggs were collected in a single 7-d period, by pen, and stored at 13 C and 75% relative humidity until placed in incubators. Percentage fertility was determined by candling eggs after 14 d of incubation and breaking out eggs to differentiate early dead from infertile. Percentage hatch was the percentage of hatch from all fertilized eggs.
Experiment 1
All hens had been photostimulated at an early age (26 wk) and a single insemination was done at 10.5 wk of photostimulation. On the day of AI, lights went off at 2100 and 1700 h in the control and AH treatment groups, respectively, and all hens were inseminated between 1300 and 1400 h. These were not virgin hens but had not been inseminated for 7 wk. Eggs were collected to 12 wk of photostimulation. There were three treatment groups: Controls, standard lighting; AH lighting, continuous; and AH lighting, temporary (0 to 8 wk photostimulation) followed by standard lighting thereafter. Each group consisted of eight replicate pens of five hens each. The purpose of the AH temporary group was to determine whether effects occur only during the presence of treatment or can persist beyond the treatment period.
Experiment 2
Hens were photostimulated early at 26 wk or at the customary age of 30 wk and each of these age groups received both single and double AI in Week 16 of photostimulation. The double AI was achieved by an AI on Monday and Thursday and the single AI group was done on Thursday only. On Monday and Thursday the lights went off at 0900 and 2100 h, respectively, in the AH treatment groups and AI was done at 0800 to 0900 h on Monday and 1400 to 1500 h on Thursday. These hens had not been inseminated for 5 wk. Eggs were collected to 17 wk of photostimulation.
There were six treatment groups in Experiment 2 as a consequence of a single and double AI being applied to hens in the following light treatments: 1) Standard, photostimulated with 15L:9D at 30 wk of age; 2) Control, photostimulated with 15L:9D at 26 wk of age; and, 3) AH lighting (15L:13D) applied continuously from the start of photostimulation at 26 wk of age. Each treatment group consisted of four replicate pens of five hens each. The standard light treatment at 30 wk of age provided a reference point for fertility and hatchability of eggs for hens photostimulated at a customary rather than early age. Direct comparisons of the standard treatment were made only to the Control-26 wk treatment group of hens.
Statistical Analysis
All statistical analyses were done from pen means and arc sine transformations were applied to all percentage data prior to analysis. Treatment effects were evaluated by ANOVA using the General Linear Models (GLM) procedure of SAS ® software (SAS Institute, 1990) . In Experiment 1 this was a one-way ANOVA, whereas Experiment 2 was a 2 × 3 factorial arrangement of treatments with main effects being number of AI (single vs double) and light treatments (Standard-30 wk; Control-26 wk; and AH-26 wk). The least squares means option was used to estimate significant differences among treatment means. Statements of statistical significance are based on P ≤ 0.05 unless otherwise specified.
RESULTS AND DISCUSSION
The effect of a single insemination on percentage fertility and hatchability of eggs from hens photostimu- Table 1 . The results clearly indicate that the fertility of hens exposed continuously to AH lighting from 26 wk of age was improved from the control group. That this result did not occur in hens receiving AH lighting temporarily for 8 wk, but ending 2.5 wk before the inseminations, demonstrates that the concurrent presence of AH lighting is required. That is, there is no persistence or carryover effect from previous exposure to AH lighting. It was not clear from Experiment 1 to what degree the improved fertility was a consequence of improved utilization of a restricted number of sperm (single AI), early age (26 wk) at lighting, and time in lay. Thus, the second experiment was a repeat of the first experiment but 5 wk later in the lay period, and was expanded to consider effects of age at lighting and number of inseminations.
Fertility and hatchability of eggs from hens photostimulated in Experiment 2 with AH lighting at 26 wk of age and following single or double inseminations are given in Table 2 . The results of the first experiment were confirmed in Experiment 2, that is, following a single AI, fertility was better in AH hens than in control hens. With two AI, fertility was 99.0 and 94.3% in AH and Control hens, respectively, but the difference was not significant. This latter response is consistent with the literature Neely, 1997, 1999) .
Because Experiment 2 was done later in the laying period than Experiment 1 (12 vs 17 wk of photostimulation) improvement of fertility by AH lighting was independent of time in lay (Table 2) . How AH lighting improved fertility cannot be determined from the present study. However, this improvement in fertility likely involved changes in the timing among various physiological events due to the 28-h AH light-dark cycles. It is known that AH lighting alters oviposition time (Bhatti and Morris, 1978; Ibaraki et al., 1985) and that the relationship between time of AI and oviposition can affect fertility (Christensen and Johnston, 1977) . Therefore, the time relationship between oviposition and AI seems a likely source for explaining the improved fertility in AH lighting.
The lighting treatments and number of AI interacted to affect the fertility response. That is, in hens photostimulated at 26 wk of age, fertility was depressed by single as compared to double AI in both the Control and AH lighting treatments. In contrast, when hens were photostimulated at 30 wk of age, both single and double AI resulted in similar and normal fertility. Clearly, turkey hens inseminated after 16 wk of photostimulation utilized a single AI more effectively when photostimulated at 30 wk than 26 wk of age. Even so, single AI generally resulted in reduced hatch of fertile eggs as compared to double AI. Notably, hatchability was not significantly different among treatments of Experiment 2 (P = 0.16, Table 2) or Experiment 1 (Table 1) but was lowest in each experiment in hens receiving AH lighting continuously. This appears to be a typical and consistent response to continuously applied AH lighting that can be overcome by temporary use of AH lighting Neely, 1997, 1998) .
Although AH lighting increased the fertility levels to normal range in hens receiving a single AI and photostimulated at 26 wk of age, there was not a significant improvement in fertility with double AI from the control group. This latter response is likely a consequence of the fact that control hens receiving double AI are typically at very high fertility levels with little room for improvement. This is also a reasonable explanation of existing published (Siopes and Neely, 1997) and our unpublished results of consistently higher, but not statistically different, fertility levels of turkey hens following multiple AI in AH lighting as compared to controls.
It appears that AH lighting can dramatically improve the effectiveness of AI in certain adverse conditions such as early age at lighting and reduced exposure of the hen to sperm. However, under normal conditions of age at lighting and typical multiple AI, the benefits of AH lighting on fertility are not as obvious. It may well be that as we move to photostimulating turkey hens earlier than presently practiced, AH lighting may be a useful management tool to promote and optimize fertility.
